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SUMMARY
The surface finishes of laminates produced by Quickstep™ and autoclave processes 
for use in automotive outer skin panels were compared. Automotive quality, painted 
carbon fibre samples, manufactured via both processes, were exposed to typical 
exposure environments including combinations of temperature (70, 120, 170°C), UV-B, 
humidity (95% RH) and immersion in water.
The microscopy and surface roughness results demonstrated that the surfaces 
produced by the Quickstep process were less susceptible to damage in the aging 
environments than the surfaces of the autoclaved samples. Quickstep samples 
displayed surface bubbling of only 5 µm, compared to the autoclaved surface bubbles 
which reached a diameter of 30 mm before bursting, with complete delamination 
occurring between the paint and the composite. The surface roughness 
measurements revealed the autoclave samples (Ra = 0.72 µm) were up to three times 
the roughness of the Quickstep samples (Ra = 0.23 µm).
INTRODUCTION
Carbon fibre composites are highly desirable in automotive applications due to their 
high strength to weight ratios, design flexibility and corrosion resistance [1]. Despite 
these excellent properties, the use of these materials in automotive applications is 
severely limited by a difficulty in achieving the high surface finish required by the 
automotive industry. The surface finish of composites may be adversely affected by 
the presence of pits which occur as a result of trapped volatiles on the surface of the 
laminate [2]. As the resin and carbon fibre have different coefficients of thermal 
expansion, once the panels are painted and exposed to varying temperatures, the 
painted surface can be prone to fibre read-through and surface bubbling [3]. Until
recently, another factor limiting the ability to perform high production runs of composite 
panels was the long autoclave cure cycles required to manufacture components. 
Quickstep technology has significantly reduced cure cycle times through the use of 
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fluid as a heat transfer media.  As higher temperature ramp rates and lower 
temperatures are required, the manufacturing of composites is simple, economical 
and time efficient with production times reduced by up to 90% [4, 5]. 
 
This project compared the surface finish of quickstep and autoclave cured composite 
components before and after environmental exposure.  Typical climate conditions [6] 
and engine temperatures have been simulated using accelerated UV, humidity and 
temperature laboratory testing facilities. The morphology of the pitted sites on the 
composite, painted and exposed surfaces were also compared to determine if they 
change shape or contributed to further surface defects. This paper is a preliminary 
study, therefore extreme accelerated conditions were chosen. At present, a long term 
study is being conducted to better simulate less extreme exposure environments.
QUICKSTEP VERSUS AUTOCLAVE PROCESSES
The Quickstep process was developed in Australia (1994) and uses a unique fluid 
filled bladder surrounding the laminate to be cured allowing an incredible reduction in 
curing time compared to that of an autoclave. The Quickstep process also uses low 
curing pressures, reducing laminate mould weight and cost.
LAMINATE MANUFACTURE
The material used Cytec Cycom® 2020, an epoxy based prepreg, was cured using 
standard vacuum bagging techniques. The lay-up consisted of [0/45]8 approximately 
120 mm square, with 14 panels cured consisting of 7 via autoclave (American 
Autoclave ‘Mini-Bonder” MB-2036-415-315-800) and 7 using the Quickstep process 
(QS 20, bladder filled with PEG). A comparison of the difference in curing parameters 
is shown in table 1. Prior to painting, composite surfaces were roughened with grey 
scotch bright and cleaned using an anti static cleaner. One coat of black paint was 
applied to enable easy detection of surface flaws, and baked for 1 hour at 50°C.
Laminate curing time [h] Pressure [PSI] Peak Temperature [°C]
Quickstep 1 4 126
Autoclave 3 80 135
Table 1: Comparison of curing parameters between Quickstep and autoclave processes.
LAMINATE TESTING PARAMETERS
Prior to painting, a surface map of each laminate was recorded. Individual surface 
defects were identified and located allowing cross reference after the painting process. 
The surface maps were printed at a 1:1 scale on transparent overheads.
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The surface roughness (Ra) of panels, painted and unpainted, was measured using a 
profilometer (Taylor-Hobson Surtronic 3+, 112/1590). The Ra readings were taken 
randomly from the surface horizontally, vertically, diagonally right and left, and 
averaged to give the final reading. Macro and microscopic images (Olympus BX51M 
and SZX12) were taken of the surface with the aid of the transparent surface maps, 
and the mass of the samples before and after environmental testing was also taken.
Environmental Test Procedures
Seven different samples of both Quickstep and autoclave processes were exposed to 
seven different environmental conditions (as shown in table 2) for one week using a 
QUV weatherometer with UV-B fluorescent tubes.
Condition Number Environmental Parameters
1 70°C
2 120°C
3 70°C at 95% relative humidity (RH)
4 70°C in water
5 70°C and UV-B for 10 hour intervals at 60°C
6 Condition 3 (70°C at 95% RH) spiked to 170°C for 10 minutes
7 Condition 4 (70°C in water) spiked to 170°C for 10 minutes
Table 2: Description of exposure conditions.
RESULTS
After exposing the laminates to the specified environments, the Quickstep laminate’s 
painted surfaces produced better surface finish results than the autoclave laminates.
Laminates produced via both processes were exposed to 70°C and 120°C (condition 1
and 2) and this did not affect the surface finish at a macro or microscopic scale. Slight 
read-through was visibly observed. Samples exposed to humidity (condition 3 and 6) 
were found to have evenly distributed surface bubbling between the paint and the 
laminate (see figure 1). Temperature spiking (condition 6) did not appear to have any 
direct affect. Fibre read-through was also evident in these samples.
Figure 1: Autoclave (left) and Quickstep (right) sample surface at 100x magnification after 
exposure to 70 ˚C at 95% relative humidity for 1 week.
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After exposure to ultra violet radiation (condition 5), the samples developed small 
surface defects (100 µm on Quickstep, 200 µm on autoclave, see figure 2) randomly 
throughout the surface with slight read-through on both samples. When submerged in 
water and at temperature (condition 4 and 7), the samples showed the most dramatic 
contrasts between the Quickstep and autoclave processes. Paint bubbles of 1-2 mm 
in size were evenly distributed on the autoclave panel surface when exposed to water 
and temperature (condition 4). Surfaces exposed to temperature spiking (condition 7), 
exhibited paint surface bubbling of up to 30 mm. These burst during the spiking phase, 
with complete delamination between the paint and laminate surface. No print through 
was observed on the autoclave sample due to the high degree of surface damage. 
The Quickstep panel had almost no surface bubbling but slight read-through was 
noticeable.
Figure 2: Autoclave (left) and Quickstep (right) sample surface at 50x magnification after 
exposure to 70 ˚C and UV-B for 1 week.
Figure 3: Autoclave (left) and Quickstep (right) sample surface at 50x magnification after 
exposure to 70 ˚C in water for 1 week.
After placing the surface maps over the appropriate laminates and viewing the original 
locations of laminate pitting, there was no evidence that the pitted sites contributed to 
any form of surface degradation. It was originally postulated that air may become 
entrapped in an existing pit during the paint  application and cause bubbling at these
sites during testing, but this was not found to be the case.
The weight changes of the Quickstep and autoclave samples once exposed to 
combinations of temperature, humidity, water and UV-B demonstrated expected 
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results, with moisture absorption or loss not specific to either process and no trends 
observed. Weight loss was experienced by all specimens (figure 4) exposed to non 
humid conditions, with the autoclave process sample reducing in mass by up to 0.83%, 
compared to the Quickstep sample of 0.38%. Incidentally, weight gain was observed 
by all samples exposed to humid conditions, with the autoclave process sample 
increasing in mass by up to 1.42% and Quickstep sample by 1.36%.
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Figure 4: Mass change of autoclave and Quickstep samples after exposure.
Surface Roughness, Ra
As maybe expected from the previous discussion, the Quickstep laminate’s surface 
after environmental exposure produced lower Ra values than that of the autoclave
samples. In some cases, the autoclave sample surfaces had Ra values of up to 3 to 5 
times those of the Quickstep samples.
Figure 5: Surface roughness, Ra, of Quickstep and Autoclave samples.
Figure 5 clearly highlights that submerging the laminates in water (condition 4) 
resulted in the greatest surface damage. After this statement, the Quickstep surface 
had a Ra value of 0.36 µm, whilst the autoclave surface had a roughness of 2.91 µm, 
more than eight times the Quickstep value. Note for condition 7, the surface
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roughness readings were not taken from the delaminated bubbles surface, only from 
where the paint was still intact on the composite laminate.
A contributing factor as to why the Quickstep laminates have a lower Ra value than the 
autoclave laminates, may be the higher ramp rates possible to reach temperature. 
Other studies [7] have shown that Quickstep composites have better fibre matrix 
adhesion than those using an autoclave, due to a rapid decrease in matrix viscosity 
leading to better fibre wetting, allowing a resin rich surface which is needed to 
decrease the surface roughness.
CONCLUSION
Results indicate that the Quickstep laminates surface maybe less susceptible to 
damage from the external environments. The surface pitting appeared through the 
painted samples, but when exposed to the environmental aging, it appeared to have 
no detectable effect on the degradation of the sample surface. While the presence of 
pits continued to flaw the surface, the morphology of the pits was not altered by 
environmental exposure. The most destructive test included temperature spiking to 
170°C and submerged in water, with bubbling of about 3 µm for the Quickstep 
samples, and up to 30 mm for the autoclave samples. The average surface roughness 
of the autoclave samples (0.72 µm) more than tripled that of the Quickstep samples 
(0.23 µm), and in some cases was more than eight times the surface roughness.
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